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ABSTRACT 
This paper is a  preliminary report on some of the results of electron microscopic studies on 
the lateral line canal organ of the teleost fish Lota vulgaris. It deals with the ultrastructure 
of the  synaptic  area  on  the  hair  cells of the  sensory  epithelium  and  describes  the  nerve 
endings as well as a  complicated system of foldings of the hair cell plasma membranes en- 
closing portions of the hair cell cytoplasm in the synaptic area. These findings are discussed 
in the light of present knowledge of the ultrastructure  of other receptoneuronal  synapses. 
INTRODUCTION 
The  importance  of correlating  the  ultrastructure 
of the synaptic area in various synapses, including 
neuromuscular  junction  and  receptoneuronal 
synapses,  with present knowledge of neurophysiol- 
ogy and  neuropharmacology has been stressed  by 
several authors (2,  17, 9,  19,  t2,  13). 
Extensive work has  been done on the structure 
of interneuronal  synapses  (4,  3,  7,  17),  the neuro- 
muscular junction (1), and on the receptoneuronal 
synapses  in the retina  (19,  20),  the inner ear  (11, 
12,  18, 21), the taste buds (6,  10, 22), the cutaneous 
sense  organs  (15),  and  on  the  epidermal  neuro- 
masts of the lateral line system  (21,  22).  So far no 
publication  has appeared  on the ultrastructure  of 
the canal organ  in  the lateral  line system of fish. 
Since special physiological significance has been 
assigned  to  the  membranous  structures  in  the 
synapse,  the  present  paper  deals  especially  with 
such  structues  in  the recepto-neuronal  synapse  of 
the fish canal organ. 
The structure  of the various cell types found in 
this epithelium will be discussed elsewhere, though 
the general pattern of the sensory epithelium is  in- 
dicated  by  Fig.  1. 
MATERIAL  AND  METHODS 
Six fishes,  weighing 0.8 to  1.6 kg, were prepared  for 
this investigation. After decapitation of the animal an 
incision  was  made  into  the  supraorbital  canal,  and 
the lateral canal was cut through about 8 cm behind 
the  gillcover.  A  glass  pipette  was  inserted  into  the 
supraorbital canal which was perfused caudally with 
fixation fluid. The skin was dissected away over the 
relevant area, and the semitubules of bone containing 
the  organs  were  cut  out  and  put  into  the  fixation 
fluid. 
Buffered 1 per cent osmium tetroxide solution  and 
buffered 3 per cent potassium per manganate  solution 
were used  as fixation fluids.  After rinsing in  Ringer 
solution  and  dehydration,  the  specimens were  em- 
bedded in butylmethacrylate, Araldite or Epon. 
Specimens  for  phase  contrast  microscopy  and 
electron microscopy were cut with glass knives on an 
LKB  Ultrotome.  The  sections  were  floated  on  20 
per cent acetone and collected on formvar membranes 
stretched across a  single large hole or multiple holes 
of copper grids. 
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Highly schematic drawing  of the sensory epithelium of the lateral line canal organ.  HC  =  hair cell, 
~7  =  supporting cell, MA  r =  myelinated nerve fiber, Are  =  nerve ending, K  =  kinocilia, S  =  stereo- 
cilia, MV  =  microvilli, N  =  nucleus,  FM  =  folding membrane  system, SL  =  supporting lamellae, 
BM  =  basal membrane. 
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Three sections taken from a series through the base of a hair cell, HC, showing the complicated system 
of folding plasma membrane, FM, and the relation to the nerve ending, Ne.  On these sections the 
process of folding can be seen to give rise to an enclosed cytoplasmic partition, CP, which in the last 
section seems to have no connection with the cell cytoplasm. The series shows, however, the true com- 
munication with the hair cell cytoplasm, (Potassium permanganate fixation). X  76,000. 
Electron micrographs were taken at 1000 to 40,000 
times magnification in a  Siemens Elmiskop I  with 50 
or 20/~ objective apertures and subsequently photo- 
graphically enlarged to the magnification desired. 
OBSERVATIONS 
The synaptic area of some of the nerve endings at 
the basal part of the hair cells in the sensory epi- 
thelium of the lateral line canal organ is composed 
of (a)  one or several rounded nerve endings, (b)  a 
100 A  wide synaptic cleft, (c)  the hair cell plasma 
membrane,  from which  is  derived  (d)  a  compli- 
cated system of interdigitating folds and tubules. 
The  nerve endings contain  a  large  number of 
ellipsoid or round vesicles 200 to 400 A in diameter. 
Each  vesicle is  surrounded  by  a  membrane and 
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contains  a  rather  opaque  substance  darker  than 
the  axoplasm.  A  few  mitochondria  limited  by  a 
double membrane and containing some irregularly 
shaped  inner  membranes  and  tubules  are seen in 
each nerve ending. The ground substance  between 
the  densely  packed  vesicles is somewhat  opaque. 
The  vesicles  are  spread  throughout  the  nerve 
endings  and  are  found  along  all  portions  of the 
plasma  membrane  of the  nerve ending.  We have 
found  no special concentration  of vesicles close to 
that part of the membrane facing the hair cell cyto- 
plasm. 
The plasma  membrane  of the nerve ending is a 
single layer of uniform thickness. 
A  synaptic  cleft,  100  A  in width,  separates  the 
plasma membrane of the nerve ending from that of 
the hair cell. No difference in thickness is found be- 
tween these two membranes. The distance between 
two nerve endings is larger than  the width of the 
synaptic cleft. 
In the synaptic region the plasma membrane of 
the  hair  cell  forms  a  complicated  system  of  in- 
terdigitating  folds  and  tubules  enclosing  cyto- 
plasmic partitions  which appear  to be completely 
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closed  off from  the  rest  of the  cell  when  only  a 
single  section  is  observed.  When  such  partitions 
are  traced  through  a  series of sections,  it can  be 
seen,  however,  that  they have a  true communica- 
tion with the hair cell cytoplasm  (Figs.  2  to 4).  A 
complete reconstruction of the membranes of such 
areas  is  being  made. 
The  hair  cell  cytoplasm  also  contains  vesicles, 
short  tubules  and  mitochondria.  The vesicles are 
more  sparsely  scattered  in  the  ground  substance 
of  the  hair  cell  than  in  the  nerve  endings.  The 
central  parts  of hair  cell vesicles and  tubules  are 
pale.  These  formations  are  not  particularly  con- 
centrated  in the vicinity of the plasma  membrane 
of the cell. As  the cytoplasmic partitions  in some 
sections  appear  as  isolated,  rounded  structures 
lying outside  the  cell  body,  they  might  easily  be 
taken for nerve  endings  if the difference  in  inner 
structure  was  not  so  prominent.  This  difference 
makes it easy to distinguish the  cytoplasmic parti- 
tions from nerve endings in any of the figures pre- 
sented. 
The  inner  membranes  of  the  mitochondria  of 
the hair cell are found to be mostly parallel to each 
other. 
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Most terminal nerve fibers end in a swelling when 
they make contact with the innervated cell (3, 4), 
though the shape,  number,  and localization of the 
swellings may vary in different tissues. 
On the sensory receptor cells some nerve fibers 
have  button-shaped  endings  on  the  cell  surface 
(6,  10,  il,  14,  15,  17,  18,  20,  22);  other endings 
form  nerve chalices  enclosing  the  greater  part  of 
the sensory cell surface  (I 1  ), while still other end- 
ings  lie within  a  deep  groove  formed  by  the  in- 
vaginated  plasma  membrane  (19,  22).  Button- 
shaped  endings like those described in the present 
work are thus found on the hair cells in the organ 
of Corti,  on  the  type  II  cells  in  the  vestibular 
sensory epithelia of guinea pigs, and on all receptor 
cells in the vestibular organ of fish  (14).  They are 
also found  in  the epidermal  neuromasts  (22)  and 
in the taste buds  (6,  10, 22). 
Ellipsoid  globules  or  round  vesicles have  been 
described  in  most  nerve  endings.  However,  the 
density and  the diameter of these structures vary. 
In interneuronal synapses the most dense accumu- 
lation of these vesicles has  been found on the pre- 
synaptic side (7,  16,  17).  In sensory organs there is 
a  considerable difference in the structure  of nerve 
endings even on the same sensory cell. Thus,  two 
different types of endings,  one with many vesicles 
and  the  other  with  fewer  vesicles,  can  be  dis- 
tinguished  in  relation  to  the  vestibular  sensory 
cells  (23),  the  external  hair  cells of the  organ  of 
Corti  in mammals  (11),  and  the hair  cells of the 
epidermal  neuromasts  (22).  The  significance  of 
these synaptic  vesicles has  been  discussed  by sev- 
eral  authors  (5,  8,  9,  17).  So far  we  have  found 
only one type of nerve ending on the hair cells of 
the canal organ. 
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